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3 METHODOLOGY 
3.1 Introduction 
A systematic model-based framework for an integrated of glycerol processing and PEMFC 
system for producing the desired power production is proposed (see Figure 3.1). This framework 
consists of five main steps, which is described in details below.  
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Figure 3.1: Flow diagram of integrated glycerol processor and PEMFC framework 
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3.2 Problem definition (step 1) 
The first step in designing PEMFC is the problem definition where the overall objectives 
are defined in term of what case study that needs to be developed. There are three cases available 
in this research which comprises of (a) Case 1: HT-PEMFC with only a steam reformer (see 
Figure 3.2); (b) Case 2: HT-PEMFC with a steam reformer and a water gas shift reactor (see 
Figure 3.3), and (c) Case 3: LT-PEMFC with a steam reformer, a water gas shift reactor and 
preferential oxidation reactor (see Figure 3.4).   
This research focuses on the performance analysis and design of HT-PEMFC system and 
LT-PEMFC system for a stationary power generations. However, the efficiency of the HT-
PEMFC system with different glycerol processor is also investigated and compared with LT-
PEMFC system which makes it in total of three cases involved in this research.   
The HT-PEMFC system considered here can be divided into two cases. The first one 
involves the HT-PEMFC and glycerol steam reformer. Steam reformer is a thermochemical 
process which is used to convert hydrocarbon fuels to hydrogen for use in fuel cell. Due to its 
equilibrium and exothermic natures, the steam reformer is generally operated under high 
temperature and excess steam conditions. However, this will lead into undesired increase of CO 
content. Since case 1 is direct use of the reformate gas, the operating temperature of steam 
reformer needs to be reduced to satisfied the operational constraint of the HT-PEMFC. Similarly, 
excess steam is necessary to enhance the hydrogen yield at the low-temperature operation of the 
reformer shifting the equilibrium of the steam reforming reaction toward the hydrogen side. 
However, this will cause the steam to be excess heated, sacrificing the overall system efficiency. 
The high temperature operation causes more CO content, thus a water gas shift unit is applied 
which bring into the second case.  
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As for the second case, water gas shift reactor is included in the reformate gas before it is 
fed to the HT-PEMFC system in order to improve further overall system efficiency by 
maximizing the hydrogen content and reduces CO fraction. It is noted that owing to the high CO 
tolerance of HT-PEMFCs, a preferential oxidation process is unnecessary to further purify the 
reformate gas. Therefore, the fuel processing subsystem considered in this case consists of a 
steam reformer as a hydrogen production unit and a water gas shift reactor as a CO removal unit. 
For the third case which involves LT-PEMFC system, it operated at low temperature and 
required reformate fuel with less CO in order to avoid catalyst poisoning. Therefore, both water 
gas shift reactor and preferential oxidation processes are added to the fuel reforming process. In 
the water gas shift reactor, CO is reduced and at the same time, more hydrogen is generated. 
However, the reformate gas obtained from this process still has CO exceeding the acceptable 
level of LT-PEMFC. Therefore, the reformate gas should be further treated by the preferential 
oxidation reactor to reduce the CO concentration. The oxidation reactions occurring in this 
process cause loss of hydrogen and parasitic loss from a compressor.   
3.3 Process and product specification (step 2) 
In this research, the system fuel processors are determined based on the process 
specification. When considering the operation of the glycerol processor for PEMFC, the reformer 
temperature and pressure has a significant influence on hydrogen content in the reformate gas, 
whereas the steam-to-carbon ratio (S/C) is affecting the hydrogen production. As for the product 
specification, the performance and efficiency of the glycerol reforming and PEMFC integrated 
system are defined by considering the heat recovery. In addition, the power density is also 
defined by determining the current density and fuel cell voltage. The product specification is 
specified according to the selected target of power in the range of 3-9 kW.  
  
